ity and discharged with a slow firing rate under urethane anesthesia (Table 1 ). The duration of the LPD for spontaneous spikes from Hcrt neurons ranged from cells in unrestrained, behaving animals with antidromic VTA and LC electrical stimulation combined with action 0.83 ms to 1.1 ms with a mean of 0.93 ± 0.02 ms (n = 22) and did not significantly differ from the LPD of potential waveform analysis. We then document the discharge patterns of Hcrt neurons across the S-W cyspikes elicited antidromically (Table 1) 
34) did not show immunoreactivity to either Hcrt or melanin-concentrating hormone (MCH). They had spikes Identification of Hcrt Neurons in Anesthetized Rats

VTA Electrical Stimulation
with LPDs (Table 1) (1) the decrease of input impedance during A total of 104 PFH and LH neurons were antidromically identified during electrical stimulation of the ipsilateral microwire recording, (2) the decrease of spike amplitude during microwire recording, and (3) the possible LC ( Figure 1A) . Nb labeling and subsequent immunostaining revealed that six cells of these cells were Hcrt influence of urethane anesthesia. For this purpose, antidromic spikes of 13 Hcrt neurons (LPD > 0.82 ms) positive. All six of these neurons discharged with longduration spikes (2.47 ± 0.12 ms; min = 2.2 ms; max = were recorded simultaneously with composite electrodes that consisted of a glass micropipette to which a 12.5 2.9 ms; n = 6) that had long-lasting LPDs that ranged from 0.82 ms to 0.96 ms with a mean of 0.89 ± 0.02 ms m diameter microwire was attached. The amplitude of spikes recorded with the micropipette ranged from 136 (n = 6). The average LPD for this Hcrt cell group did not significantly differ from the average LPD of Hcrt neu-V to 470 V with a mean of 277 ± 29 V (n = 13). The same spikes recorded with the attached microwire had rons antidromically identified by VTA stimulation (t = 0.19; p = 0.85). These Hcrt neurons responded antian amplitude that ranged from 59 V to 100 V with a mean of 77 ± 3 V (n = 13). The LPDs for spikes redromically to LC stimulation with latencies that ranged from 6.2 ms to 13.1 ms with a mean of 9.23 ± 1.25 ms corded with micropipette and microwire ranged from 0.82 ms to 1.2 ms with a mean of 0.95 ± 0.02 ms (n = (n = 6) and were located predominantly in the PFH and lateral hypothalamus ( Figure 1B (3) were located in the PFH and the medial part of the LH ms may be determined based on an average amplitude ratio Ap/Aw = 3.6. Thus, using data obtained in the pre-( Figure 3E ). The firing rate of neurons that met the above criteria vious experiment with juxtacellular labeling, we can calculate the approximate expected spike LPDs for antisignificantly increased during EEG desynchronization (Figures 4A and 5A) and negatively correlated with EEG dromically and orthodromically excited Hcrt cells as ranging from 0.53 ms to 0.74 ms and from 0.61 ms to spectral powers in delta, theta, alpha, and beta frequency bands ( Figures 6A-6D ). In the beta frequency 0.88 ms, respectively, during microwire recording.
In our study in urethane-anesthetized animals, the band, this correlation was substantially weaker. In contrast, increased Hcrt cell discharge was accompanied majority of identified Hcrt neurons had spontaneous firing rates comparable to those seen in rodent brain by an elevation of EEG spectral power in the gamma frequency band ( Figure 7A ). An average correlation coefficient that reflected the link between the fircally identified Hcrt neurons confirmed that these spike ing rate of identified Hcrt neurons and the amplitude of the neck EMG was 0.42 ± 0.03 (min = 0.26; max = 0.59; n = 9). Although the activity of Hcrt cells was correlated by moderate discharge rates throughout the consumption period. Motor activity appeared similar in these with the presence of motor activity, it was not related to the direction of specific movements and was not two situations. Hcrt neurons strongly decreased their firing rates or modulated by rhythmic movements such as those occurring during grooming or locomotion. Moreover, in ceased discharge during quiet wakefulness (QW), and virtually ceased activity in SW sleep as well as in the some cases, an increased firing rate was observed without substantial motor output. In particular, the lack tonic phase of REM sleep (Figures 7B-7D ; Figure 8A ). During the phasic periods of REM sleep, the average of correlation between Hcrt cell discharges and EMG amplitude was revealed with sound stimuli that profiring rate of these cells increased and sometimes correlated with spontaneous twitches ( Figure 7D ). duced EEG desynchronization without substantial neck muscle activation ( Figure 4A ). Conversely, behaviors
We also found 15 PFH and LH neurons that were excited orthodromically by VTA stimulation with a latency that were accompanied by equal levels of motor activity could have very different rates of Hcrt cell discharge. that ranged from 3 ms to 11 ms. These neurons had LPDs ranging from 0.58 ms to 0.86 ms with a mean of For example, presentation and tasting of a novel food that induced initial food aversion, manifested as re-0.73 ± 0.02 ms (n = 15) in our microwire recordings. As in anesthetized rats, the LPD for the spontaneous peated approaches and withdrawals, were accompanied by reduced Hcrt cell discharges for an average of spikes of these cells was significantly broader than spike LPDs of identified Hcrt neurons recorded with 29 ± 4 s (min = 17 s; max = 45 s; n = 7) despite strong EEG desynchronization and the presence of motor acmicrowires (t = 3.15; p < 0.005). These probable Hcrt neurons also were located in the PFH and the medial tivity. During subsequent consumption, Hcrt cell firing rate gradually increased without substantial alteration part of the LH ( Figure 3E ) and showed similar discharge patterns during the S-W cycle. In particular, both idenin EEG or intensity of movements ( Figure 4B ). In contrast, consumption of a familiar food was accompanied tified Hcrt neurons and the probable Hcrt cells that re- to have strong emotional components. The methodological approach that we have developed for identification of these cells in behaving animals should have broad applicability to further studies of the behavioral and emotional determinants of Hcrt discharge with high temporal resolution.
Methodological Considerations
We found that Hcrt neurons located in the PFH and the medial part of the LH have projections to the VTA and in turn receive excitatory inputs from this area. Hcrt neurons excited antidromically and orthodromically during VTA stimulation had spikes with longer-duration LPDs than adjacent hypothalamic cells. Our results (Pinault, 1996) . Only cells with of the tracks. After the final experiment, the marking lesion was similar electrophysiological characteristics were labeled on each placed at the point of the last unit recording. The brain sections side of the brain.
were subjected to immunostaining, and the location of recorded Two to five hours after the end of the labeling, the rat received a neurons was determined by using the track made by microwires, lethal dose of pentobarbital and was perfused transcardially with depth of the marking lesions, and depth measurements on the heparinized 0.1 M phosphate buffer (PB) (pH 7. 
